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ON TANONOMY AND SEMANTIC CONTRAST

11‘.t1*oductic_)_g‘f=

The concept of taxonomy is becéming one of increasing importance
in the ficlds of 4:-th“r;c;gruphy and semantics. This paper offers a fbrnﬁa_l
trecaiment of the subject and an application of the formalism to several
problem areas in the ficlds of semantics, ethnography, and cognition.

The ekpression 'tfaxonomy' has been used by anthropologists in a

N &
variety of ways, some of which bear little relation to the subject of
this essay. Two such usages shoai“d"l;e/ mentiored briefly in order that
possible confusions may ke minimiz;ed.

IF'irst sorne anthropologists have used ’ta}onomy' to refer to .:my
system of classification and naf-ning fegardle&:s of its structurc. Used
in this way, 'taxonomy' is effectively synonymous with ‘lexical domain',
Given the long tradition in biology of applying 'taxonomy+ only to a
particular structural type of clasSLfici{tion system, such a use of the term
is unfortunate. ‘Taxonomy' and 'taxonomic structure' are defined
here so as ‘o tze applicable only to a particular subclass of lexical
domains that displays certain formal properties.

Se&ondly, 'téxonomy' is sometimes employed by anthropdlogists
fo refer, not to a hierarchy of sets, but rather to an arrangement
of pr.operticé (sermantic featurces), presumably one felt to be consonant
with a hierarchy of sets (Lounsbury, 1964). For example, in the

«.-8tandard usage followed here, if one were to consider the English

words person, nuon, and woman to be involved in taxonomic relations

‘The ideas expressed in this paper were originally stimulated by a

letter written by Brent Berlin and Dennis I. Breedlove scveral years ago.

My thoughts on the sulject have sinee develeped in constant interaction

with Berlin's., and it is neither possible to delimit his coutribution to the

present essay for scparate citation nor to exagerate its magnitude. Detailed

comments by H. C. Conklin have also been of value. 1 would like to thank .J. P. Boyd,

Ernest Adams ang William Geoghegan for useful comments on earlicr drafts.

P. Raven also read an carlier version of the manuscript. Responsibility

for errors is, of course, my own. g »
Q | 'E)
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ghe clements of the trisonomic structure \§'0u1<1 be the sCt of huma.rg.s‘,

the sct of mern and the ser of women. On the other hand, in the view
suggested by Lounstury. the basir elements of the taxonomic structure
are t.hue prppcrtios (fcatures) humen, *male, femaley and so on. It
would perhiaps be possible to consiruct a formal account of t,a,,{onom ic
structure based on the property or fecture approach. [ think,
however, that here are st ong empirical reasons that militate

agaihst the usefulness ol such a for'mal—éonstruction, although

this is not the place to present those arguments in detail (Sec Kay,
1966). In any casc, the basic elements of taxonomic strucf.uresb as -
they are E!ef'med bol.ow are sets, not properﬁies. .

Thei'intuitive notions 61” taxonomy and taxonomic siructure io be

“for‘malized here arc essentially those of Linnaean biology. The
fundamenté}. structure is in brief’a hierarchy of inclusion rclations
ainong a collection of named sets of objects. The same phenomena
have been given l'orn.lal treatment by Gregg (1854), although ina
different way.= Aml.:ropologlsts such as Frake :klOSI, 1962), Conklin
(362 a, b, 1964) and Berlia (Berlin, 1969 a, b; Berlin, Brc'edl‘ovc, and
Raven 1966, 10¢8) have tound the Linnacan type of structure present

in the cultures of n-:-n—«lli:crate peoples, az{d it appears Likely

that impor:t;_;;;;t parts olt:/:{}cxicon of all natural languages arc organ-

ized taxonomically. The initial discoveries in the modcern era that
extensive and precise taxonomiecs exist among lliterate primitives
originully occasioned surprise bordering on incredulity in some
anthropdlogu;:ll quarters.  But it is becoming increasingly

recognized that the sunilurity to Linnaen taxonomy of the folk
taxonomies discovered by cthnographers and cthnobiologists need
occasion no surpriéo, suice Linnecaen taxonomy is simply the

7
'par‘tﬁ:ular foik taxonomy -with which Western Europeans arc most .

familisr. Linnuscus did pot invent the principles of tuxonomy

#Cregg's more recent farmulation (1967} is discussed in the Addendum.

I



-3- N

“to be enmiploved but mrz’(.sly mu(i(}- explicit those current in his own (tult:urc,
whic‘], as it wrns out, v thv most part represent universal principles
of classmv'ulo'] and no'nc*zmlaturc that are found in all luman cultures
and languages (See Berlin 1969 a, b with regard to uaiversals m faxo-=
nomic nomenclature). The present essay is thus an att(zmpf to summarize
as explicitly as possible certain’empirical findings of c]:h 1ical bio-
systematics and modern scnantic ethnography which may now be
cons_idcred to represent formal universals of human mental structurec,

Section 1 introduces the formal definition. of\t'l\onomu structure and

SI\L"(“H s the major outlines of this kind of mathemahcal ob]mt

=

The mathematical object called a taxonomic structure in the Appendix is
quite similar to Gregg's (1954) notion of a taxonory. The chief differ-
ences are (a) the present formulation is simpler (b) thé present formula-
tion contains n.oti‘ung corresponding to Gregg's categories (c) Gregg's
formulation contains nothing corresponding t;), the types of couwabt
relations defined here. The presentation in Section 1 is informal.
References to the Appendix, which contains an axiomatic trcatment of
the subject, are included in square brad\ets

Section 2 introdutes seme theoretical problems relatu)g t«S"ta:\onomy
in e!.hnograplnc and semantic contexts and shows how this formulation
abplies to, and perhaps clarifies Sochhat, these problems. In
particular the notion of semantic contrast in the context of taxonomy is
examined in some detail.

Scction 3 introjuces the notion of'ta.\'onomy and examines the nature
of the mappmg which governs the realization of conceptual faxa by

lexical items.

Sceetion 1
The purely tormal entity which under certain empirical condilions,
underlics a tazonomy is called a taxonemic structure.  This section iy

concerned primar iy with taxonomic structures, Detailed discussion of

ERIC
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what must be addea to o taxonomic s'tructure to make a taxonomy s
deferred until Section 2. Briefly, the distinction is this: a taronomic
. / '
struciure is concerned with sets (or classes, or segregates) and the
relations among them; 1% is not concerned with.the names these sets

may or may not have. In Keeping with standard usage, we call the sets

(or classes, or scgrégates) involved in a-taxonomic structurc taxa

(singular taxon). A taxomomy, on the other hand, always inciudes

a taxonomic siructurc---a set of taxa with certain relations specified among
them-~-and also includes g set of names and a mapping of the set of
taxa onto the set of names. We return to this subject in greater detail
in the follow ing scction. o

"

A taxonomic structure is a relational structure that has two components
/
and that satisfics two axioms. The first compbnent is a fimte sct T of
taxa. Ilach taxon, is itself a non-null set, that is, a set which has some
members. Hence T is a set whose members are non-null sets, Iixamples
of taxa are, the set of all plants, the sct of all trees, the set of all

oaks (but not the Inglish words plant(s), tree(s), oak(s).. In what

foliows I will use "ozk' synonymously with "' the set of all oaks' and
"oak" synonymously with ' the word oak'.) Let us call the number of
taxa involved in a given izxonomic structure n; we may 'theﬁ enumerate
the set of taxa: T = {tl' t2, o t } . The set of taxu. 1 = {t b, ;‘. Lt {

‘ : n 1" 2 n
is the first component of a'taxonomic structure. A

The sccond component is a relation, in partic.it.r the relation strict-

inclusion-of-sets restricted to the members of T. A set ti stric.tly‘ includes
another sef t] just if every member of t. is a meniber of Li and there is at
least onc member of ti which is not a anmber of t. . The set of plants
strictly includes the sct of trees and olso the set of oaks; the set of Arces
strictly includes the sct of oaks. llowcever, btho scet of Quercus does

not strictly include the set of oaks, although it includes it, smce the

/
/

two sets have the same membership, that is, eveyy set includes itself,

it no set properiy includes itself. I
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- “The phrase “restricted to the wrembers of 1" indicates that we wre
only coucernca with strict inclusion relations atnong the sets u\r)u,lnr
Tonsideration, not among all imaginable sets. If the m“ember'% of T
are, say, all the plant taxa, then the relation strict-inclusion-restricted-
;yo‘-»the-lmembers—o:"--'l’ does not hold between, for example, animal and
V(;r-tcbx'afE*, though it doces hold between tree and oak. The sccond
component of a taxonomin structure is thus the relation strict-inclusion-
of -sets-restricted -io -the-me mbers-of-T [see Appendix M. |

Given the relation of swrict inclusion restricted to a set T, Twe /
deline -another relation, which is called immediate preccdence.
‘Immediate precedente is defined in order to make it easy to express '
naturally the two axioms for taxonomic structures. Let ti and t., each I
of which is a set, be distinct members of T. We say t, Lrnmed[ately
precedes t] Just if (1) t’i strictly includes tj and (ii) there is no other set
’ck in T sucﬁ that ti strictly includes tk.and tk strictly includes tJ_[Appc\zndix
(4)]. ror evample, tree immediately precedes oak because irec strictly
iﬁé]udcs oak and thore is no other plant taxon which is strictly included in
tree and which also strictly includes oak. Speaking loosely, one taxon
immédiatcly precedes another when the first is "just above' the second

in a taxonomaic structure.

Ay

We symbolize the two compbnents of a taxonomic structure T (the %set
of taxa) and D (thc relation of strict—inclusion—restricted-to-f.he—m(,\ﬁ{:bers-
of-T). Letus represent .thé ordered pair formed from thesc twe com-

~ponents with the Grecek letter tau,T. That is, using angles to enclose
an ordered pair, T = <,> [Appendix (Mj.

A relational structure such asT is a taxonomic structur ¢ just if
it satisfies the tollow1'ngr two axioms [Appendix (1)]. . -

First Axiom: There is exactly one member of 1 which siricily incdudes
every other member. This member is called the unique beginner. Ina
taxonomic struciure of plants. plant is the unique beginner; it strictly
includes’ cach other taxon, such as tree, oak, grass, bainboo, and so on

[Appendix (2)].

e
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The secound axiom involves the notion 'partition'. A partition is a
division of a sect ‘into subscts that places cach member of the original set
i exa.ctly one of the subsets. The éubsets are called cells of the partition.
For example, suppose the prisoners in a ja‘il are each imssignod_ toa cell
so that eve'ry prisonecr is in some cell and no prisoner is in more than
one ccll(though differcent cells niay contain varying numbers of prisoners).
Then the cells of the \]ail are the cells of a f’)artition of the set of prisoners.

Let, C(ti) stand for the set of all those taxa immediately preccded
example, if ti is oak, then the mémbers of c(ti)
are live oak, jack oa{g red oak, and so on. Second Axic;m: For any
tax'bn ti in T if c(ti) has a%y members, then it is a partition of ti' This
axiom ensures, for a taxon such as oak that has gubclasses, that (1) cach
individual oak in the world is in some subclass and (ii) that cach individual
oak is in just orc subclass. The second axiom does, of course, allow
for the possibility that a taxon has no subclagses in I'. An example is
live-oak (for the author at least) [Appendix (3}].

I'rom this simple a.\'iomatié definition a number of conscquences
follow that are proved 4 thicorems in the Appendix. ~These seern to agrec
rather woll'( with stand;;rd notions regarding the formal proberties ot the
struciures which underiic taxonomies. Also several definitions can be
madc which appear to correspond to cxisting ‘mtuiti\;e concepts. Let
us hegin with some of the latter.

(i) The set of all taxa immediately preceded by the same taxon
constitutes a conirast sei. That is, a contrast set is any non-nutl set
<:(ti) where ti is a member of T. 1In the previous example, all the ’
immediate subclasses of aaic; live oak, -,'jack oak, and so orir, constitute

a contrast sct [Appendix (8)]. ,‘
. |
(1) A feriminal tavon is cnc that strictly includes no other taxon;

that is, a tason t, for wiich c(ti) is the empty set. [or the author, live
oak 1s a terminal taxon [Appendix (11)].

(ii1) The level of o tuxon is defined as\ follows: The level of the

unique begmner is 6. The level of a taxon\immediately preceded by the

1 0 \‘\“
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unique beginner s 1. The level of a‘ taxon immediately preceded by
a taxon of level 1is 2.and so0 on.™* l'or example, in a ’éaxonomic structure
in which the unique beginner, plant, immediately precedes trece. trec
'mecdiately precedes oak, and oak immediately precedes live oak: plant
is at icvel 0, ‘treciat level 1, oak at level 2, and live oak at level 3
[Appendix (13)]. \, |

(iv) The depth of & taxonomic structure is the greatest (deepest)

le\}el attained by any taxon in that structure. In the running cxample,
if no taxon has a level gi-eatér (decper) than live-oak, which is 3, then
3 is'the depth of the taxonom ic structure [Appendix (18)].
: Some of the direct conséqﬁcnces of the above axioms and definitions
are the following: |
(v) f-jvcer'y contrast set is a prcoer subset of T and contains at
least, two members [Appendix (9, 10)].
(vi) IZach taxon other than the unique beginner has exactly one |
'megd late pred&essor [Appendix (12)].
The following result is the fundamental theorem, as it were, of
the theory of taxonomic strﬁcture. ‘
(vii) If two distinct taxa have any members in common, then oﬁe
of them strictly includes the other. That is, any two distinct taxr\l

are cither mutually exclusive or id the r

ation of strict-inclusion.
The possible relations between two distinct taxe ’c.l and tj in a taxonomic
structure arc pictured in the Venn diagrams of Figure la; th disallowed

relation is shown in I'igure lb. ,
L] .

*In general the level of a tuxon immediately preceded by a taxon of level n
isn+ 1, |

11




Figure lab

Possible relations between two distinct taxa

\
(t., t)
‘ SR
in a taxonomic structure.
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Note that this fact (vii) was not taken as axiomatic but rather 15 a consequence of

the axioms [Appendix (16)]. It corresponds to the intuitive notion that there
is ﬁo'partial‘bvcrlap between taxa ;\cither one taxon is totally included in
the other or they have ,no member in common. This result (vii) [Appendix /
(16)] also expresses formZtlly-the intuitiofn that taxonomic structures are /
strictly "hicrarchic" and contain no element of "cross-classification. "
This is the major formal basis for representing taxonomic s:cx‘uctures
in the standard trec or'llﬂ)ox diagrams (see l?qgure 2). —
| (viii) If a taxonomic structure is of depth n, then it contains at.
least one taxon at cach level from zero to n inclusive. For example,
if the depth is five, then there is at least one taxon at cach of the levels
0,1, 2, 3, 4, and 5. In this_sensé’,‘a\tgxonomic structure hés no gaps
[Appendix (19)]. ' ‘

(ix) The terminal taxa constitute a partition of th% unique beginﬁe,r. '
For example in a taxonomic structure of plants, each,’individual plant
(i.e. each member of the set plant) belongs to exactly onc ferminal taxon
(e.g. live oak, pitch pine, etc.) [Appendix (20)].

(x) Each taxon other than the unique beginner belongs to exactly onc
contrast set. l'or c#amplc, live oak belongs to the contrast set ::(oak),
pitch pine to the centrast set c(pine) [Appendix (28)]. N {

The various concepts introduced here are illustrated in I'igure 2. . J

e “

14 3 -
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IFigure 2a

Taxouomic Structure underlying Tenejapa Tzeltal Plant Taxonomy

“(a)

(1 informant).

70
vine

’

>09 iy tasg -
Y208 zs tygg togg tage  togs

(a) Adapted from Berlin, Breedlove, and Raven (1968).
Single quotes indicate glosses of native lexemes. A -
sequence of three dots indicates omitted detail. The

unique beginner, plant, is not lexically realized in Tzeltal.
Berlin (1‘)6‘) a, b) notes that this circumstance is not at

all (‘xceptxor.n] but rather is characteristic of all but the most
advanced developmental stages of natural biotaxonomies.
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The following obsoervations, ro’ative to e prece-ding ammiboer o

statements (i - x), may be made concevaning IMigure Za.

1. Thre unique bhegimer 1, s not in any contrast sct and is the

4

only taxon a* level zero.
3
2. lor any taxon ti

(1) I'or 21970, t. is 1n the contrast scot C(tl) and is
at level 1,

(ii) I'or 71 < { £ 2386, t. is in the conirast set c(tZ).

(iii)  For 237 € £ 238, t_l is in the contrast set c(tz‘o()).
4 ,"_‘10)'
(v) For 202 £ { £ 293, - 'ci is in the contrast set C(t2'%6)'
(vi) IForr 71 €1 € 208 or 237 £ i< 203, ti is u.tormmul tuxon.

(iv)  IFop 230°¢ | £ 240, t, is in the contrast sct c(r

(vii) I'or 71 = i € 236, t,l is at lével two.

(viii) lor 237 €1 <203, t is at level three. (This statcment,
although true, is not directly inferable from Figurce 2a.

l'axa Lz_u, cenn t2.f)1 arc not pictured. They arc ih fact all

at level three, as cach is immediately preceded by a taxon

from the set of unpictured, level-two taxal? fore e _,12,‘, ,)g

'

J. Not all terminal taxa are at the same level.

4. Two distinct taxa at tiv: same level may or may not be in the same
f:()!ltx'ast, set, |

o, The depth of the t\\i\\l){OI]OITl.lC structure is not indicated in the IFigure.

[n fact the greatest depth in Tzeltal plant taxonomic structure is

{
o

obtained within 'beans',
- . ’ - 4’ . o~
Figurce 2b illustrates the same structure in the type of box diugram often

uscd by anthropologists, /

ERIC
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Figure 2b. Box Diagram Corresponding tg Figure 2a.

’cl (pla nt)

t. 'tI‘C’C" I t3 ) ,////:-70 '
2 grass Y vine

209 210

»
<
N
N

o\

©
N
RN

b37

12 t
293

"

Note: Hatched areas indicate omitted detail. Comparison with

g

I'igure 2a reveals that box diagrams are sornewhat less

precise than tree diagrams in indicating omitted detail,
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Scection 2 \

The notion "tayonomy! hs been of use o cthoogt-aphiors cognitive
theor:isis principally as a means of Ofganlzing rel:iin1s o5 meaning among

ttems in natural langesges and cognitive systoms. The or ganization ot

reaning relations necessiacily eatails the notion of (semantic) contrast,

AN -
and 'contrast! has lifuroed prominently momuch vocear work 1a folk

taxonomy.
'Contrast' is obwviously a relational term. Lut it has noe alwuys been
roin ihe diterature whatl sort of entities are invelved in reiations of
cohtr\ast and what the virious types ot (semasntic) contrust relations are,
In particular, despite (‘on!lzlinlfs adrionition to the conlrary (1962: 121)/,
the distinction betwoea classification and acmenclatues is sometimes
ignored, and consequentiy ot is not ¢lear whether 'oairast' 19 a
relationobtaining betwoon tiva (sememes), or Bames of tasa (lexemes).
Also the term contrast has been combined with evel! iri the phrase
level of contrasy’, whose precise signilication s far €from cloar(CT. Kay,
1966- 2. We rewira 1o fese issues in greates detanl below.  Beinre |
doing so, however, it 1s arcessary to speeify wi'm't, in geaeral, we mean
by semauntic cortrast. .

Probably we shoold tike the sante inmtial attitude 1o 'eontrast' in
SETANtes as s taken an hinguistics generally, nunely that one does
not assume itcms to Bein contrast with one another unless one finds
positive ovidence 1or 1. The usual form this evidence takes is that
of a framme in whien (0) the itormant #ilows substitution of cither iternr
and (2) the imform.ant _111(1‘;3-‘-;\' Hee nterances resulting from the Tty -
native substititions (o be different utterances. I the utlerance is
restricied in length to o single word, this is the method of murnmal
pulrs.  such tests are vsus iy hebd to e oo sirong, i the =seansc that
passing then o suticient but not a necessary conditon for sayving
that two items comienst Chhe problem of decading whi(rh. of the

. . , . . . . . 1 ) - .
informant's responies to take as indicating "tins 15 o different f

18
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utterance than that' is an important but not an insuperable one.) For
semantics we migii adopt the following criterion of same/different as a
: A \ . \ .. . . .

test comparable, to the test of minimal pairs, that is one that provides

a sufficient, but not a necessary, operational diagnostic for semantic
. \

\

contrast.

(1) Two lexical iterns can be said to contrast sem antica]lsi‘ if‘
| (i) there exists an assertion frame in which the mformant
allows substitution of either item, in’ Lue sense that Wllh
either alternative substitution he can easily judge 'the
resulting assertion as true or false; and
(11) tvh‘c informant's truth judgments for the assertions resultirg
from the two substitutions are diffcrent; that is, one true

v and one false. ’ _ A

Although we w'ish t'neoretic/all)" to define relations of contrast b'etw‘een -
units of content--in this case taxa<-our operational critérion must deal
with the overt expressions of these units, the lexemles' through which the
taxa are realized in a.ctual speech Cmtcvmon (1) applles practxcally
to taxa then, to the exient that we can e$tablxsh empir 1ca11y the particular
‘taxon Wthh is realized by each test lexeme (lexical ltem). [ return to

. this broplem below. - . \ v

Speaking somewhat loosely, we may éay that (I) boils dowﬁ to this:
two categorics contre;st semantically if an assertion using one elicits
assent from the imbrmant while the otherwise identical assertioh employing
the other elicits dissent from the same informanf.\ As we noted, this is

probably too strong a test. Ior example the lexical items Morning-5tar

and Evening-Star might never be shown to contrast on criterion (1) for

man_/ informants; yet we might still wish to think of them as contrastmg
semantlcally It suftfices to cstablish here that if two items pass a test

like (), then we have to say that they contrast semantically.
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Note that in {I) we have spoken aboutggsertions, not scnten..e-

even declarative senitences. Consider:

2D (i) That's not a mailman, Johnny, it's a postman.

(ii) T am not an eye-doctor, Sir, I am an opthamologist.

The underlined words in each case may appear to be in semantic contrast
in .the“se.ns(? of criterion (I). 1f, however, one considers the assertions
being made cather than the sentences thal are their realizatiolns, one
s.ees thas these assertions dojnot concern mail carriers and medical

practitioners-but rathe: express preferences about the words mailman,

postmé_n eye-doctor, and opthamologist. \ Thesec are meta-linguistic

assertions in which ihe words mailman, eye-doctor, etc., occur not in use

but in reference. In fact, most native speakers of English will probably

‘accept as a paraphrase of (I, i), ;

-([].[) Johnny, 'mailman’ and 'postman' mean the same thing, but |
| 'pr'cfti'r‘ that you use 'postman’.
:
- .

If onc accepts the kind of test for contrast given in (), then clearly
statements such as, ''the categories plant and tree do not contrast, since
all trees are plants', arc using 'contrast' in a peculiar sense. In
order to retain continuity between semantics and genefal linguistics, we

. prefer to keep 'contrust! su!.ficiontly general that at 1éast any pair of
items that pass test (1) will be siad to contrast, Evidently, tree and ]ilzlnt
will pass many versions of test (1), for example, all those of the form

(V) Al X's have Y

where X is a varuible whose values arc the taxa tree or plant
and Y 1s any characteristic (or sct of characteristics) that

distinguish trecs trom all other plants.

- | 920

ERIC

Aruitoxt provided by Eic:



-17-

In short, all par s af taomsan a Cewnnon ic structoee contrasn,, since

assertion i .'ll]h‘h"('(nll sl ays },l(”‘(]l‘l"'('x",t‘('l for use in test (1) that to:as IR

isob'upouthu(JnrACqusanthnt«“shnguhdunnutlenJTon\ﬂ»:nHunu
Any twod distivg t oo mst, of course, tave diffore ut character 1Hb1es,
Ao’.t‘.l rwese thovawonh] boee the sambo wember ship,

Lot us retnra o the pfucticallvroblcn1s cngendered by a theoretical
position that defines contrast as relation between tasa rather than o r(.'l_u-'-'
tion betweon texames, Test (1), na}rrow]'y interpreted, cannot e »1[2}‘)1?(«]
P bt e e Tt onls bote Tonennan that aie e fe e o I ST D
Bhe relation . of conte: 1ot ot fuiuing bt ('llfjxilﬂlf] cergir e, }"'tht—
raincd, aut ol in cades wher o taxa are lexically conloicd os paly oo
lexemes, but cven o those cases whinh mght e copesaea o fraven 1y
present insnpecably olstaeles, naruely those in which ther o oxist scveral
thSO]yArﬁ]dfvd tawa thod are not “Zhiﬁiil& distingvishod from cach other
alb bt o b neve e thn 1 as Darticipate mutially i soverad diffor e ) iads, ot
contrast pelidtion s, Nover!heless Derlin aad Bis co-wor hers have recently
dcnnonsir&tcxlthnt I uuv«xt catogories H]uj e mmambiguously fdentifyod
by severul independent cipirical procednres (Berling, et al. 1}5)!5‘8). Fhese
cmpin il Sucnesses cneourapge usg u1Uu‘h101d\wvw of test (D). Aecordingly
we Lalie test (D to be Titer ally qpphrabh,fot1Xq in principle and practic.ally
applicablo to tasa to the deg llﬂ‘bdt\\CQUt’ablvtO excond our range of
cmpirical methods (or assessing informants "udgincuts of the truth or
K

falsity of an oo ser foon,

Tt the orets Ay crncial that contrast relations be o 1gally e fined
pon ‘ani rathe Pocn upoq e Tesemes theit reative them, Thus essuy in
et constibates an o hn.m,nt in support of th;zt assertion, It s basced on
l'uv goenesal csaamption that sip nitfiecant ((Hltlgha.n in ling Hllﬁ!lg content e

psychologically indepeiabont of signiticant
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>
contrasls an ogistio caproession Lt nat canveescls, 1o pat it i
"plain, iopornaps e asc, terngss We o apeak o order o r_:mmn-\:uc;‘nto
thonght; we do net drnh i o der by provide conbesi o onoe sy,
:*(—elzhar‘:-‘; this Te v {5 net Lfﬁ:'\lW dissintlar Lo that whoirh andioate Soa
omber of contoraparag v oapproathes o g_‘r;mm.lr'u" sl althoph
ke dIverse, Slire Lo coraon Consern with meaniag (e po tiose of
Chate, idtmore, Foakorl, MeCawioy, and Rosa).

We consiler now the freguoently used teru oval of conteast! ansd

varions derivative eapressions. T'wo kinds of confusion may result

ot Hec use of theae teninsy The fiest i3 a confusion of nomencliture

’

L P T I A S S LR R A TR RTINS B DU SRR, S o L B e A ST CITI SR
_ Lo ¥
the cob ctoeey hners e e e e Theing i e <o ok b st

B e 5o tentes th vy enpressons suc b v heecl o conneaag!

tay boaad to sogeront ndic o poor nnnsenspal stadcinents by santa s

v wntie thee oo 0 b v e e riaa s, Part e o gt b ool Wi ued 3

Gragram the i set ol s ncontie elationsbips . fo speatiing ol st

1

Lions suchoan i e b b Tigine e oy 00 L Sovnc g, s b

J

r -

IVIATY it b et AN T ot ome Tev el and b WOREATS at aaniiog

1 . y ' Lo . N
Foen o1, Podaoapie e b, borvovy e, whelne e e oo Sprresarnig N

CANEMAL, Lo WORIEN e Soppased o refer B busa o 1o e Tesore
tleat coddiae ocan o, S Proet, wibiad the statemnent reases o all. Lot v
caatnine The oot of whie bonote s iaplhicitly beng tidveu., These oo

(1) thut the lesome oo ss polyscous, being Uie cealization hoth of

% (2) thoot L, soan the same contrast set as t% (whick i

redalize b by the Do connal), whiots: t-l

t; Cotireh e e s "‘i:.','.l.‘_"fx_l_l)'. (3) that the contea b cens {' ! |

0 2 ’S

vindd g"l' b S e ot dhiferent levels, Tass techmenlly, the leaenie
4 _ . ,

t., and of ':

)
“~

is 1 the oo contraist set s

mat is polysemons, hegnge th pealization of 50 dhstinet tasa whioh
st mcinbe o ob e b enbe st oty the balso hoippoa Lo bie s abitfe oo

Tevels, The b TS b v natioad s the nolyscng s ol . (P he polys oy
() Y 11 7 5
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4

of dninial is inc wiental to the example.)

Now compare IKigure b In this Kind of a situatioan it is adso in
keeping with comumon usage to Say, "WILD PEPPER contrasts w ith
LOUSEYARD PEPPER -at one level and with HOUSEYARD CITL
. EPPLR al another Jevel. " But again, the intended refercence of the
capitalized forms is not at all clear. Notc particularly that, whcrbas
the l«.cv factor in the previous example was the polysemy of the lexeme
mau, there 1s no polysemy in this case.

[t is truk that in ihe box diagr am of Migure 4b the box containing

WILD PEPPER is visually "on a level", so to speak, both with the - s

~ box containing HOUSEYARD PEPPLR and the one"-contain'm'g HOUSE -

YARD Cililt I’Eif PER. However, this is merely an observation on 'thc'
visual propm"';ios of box diagrams and reflects nothing about the taxonomic
structure being pictured. Perhaps this ac;cidex}t of 'Qisual imagery has / .

led people nto imagimning that there is some Iﬁeaningful sensi of

taxonomic "level" ac:::ordi;lg to which a taxon (tor example t, --WILD PEPPER--
in Ifigurc 1) may be said to have two distinct levels. If so, I have

found no indication.of what that sense inight be. In any casc, whatever

the expressxon "N cou trast with Y at one level and with Z at unother |

level' means with respect to Figure 3, it canuot mean the same thing

as it does with respn& to Figure 4; in the former case the reference

is to polysemy and in the latter there is no polysemy. 1n I'igure 3

"the same lhinguistic form [man] designates segregates [the distinct

taxa t, and t |1 at dilferent levels. .. ", while in Figure 4 "a single

“unpartitioned segregate [the taxon t3] contrasts with two or morc

v

other segregates [c. g. . taxa t, and t«l] which are themselves at different
levels. .. " (IFrake 1962: 82).

The sccond confuston arises from the very expression 'level or
contrast', becanse the existence of such a term has suggested to some
that any two taxa at the same lovel are in the same kind of contrast

Felation. Thi hitcratu: o abounds with uses of the expression "Tevel ol

23
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t, = animal

2
t4-' man t,) -» woman t,3 —~ anijmal
o~
N Tare s
. Figure 3a

Adapted fram Frake (1961: 117). Arrows conncct
taxa to the lexemes that are their realizations.

ANIMAL

MAN ANIMAL

b

MAN WOMAN

Iigure 3b

Box diagram of the same sct of 1 clationships
as that shown in Figure 3a.




t

4

i

| )
4T pepper

t; 7> 'houzcvyard pepper!

2
- 'houseyard ' t. = 'housecyard
) .
green pepper' chili pepper!

FFigure 4a

Adapted from Conklin (19.62:131—“3)

®

= 'wild pepper!

PEPPER

HOUSEYARD PEPPPER

HOUSEYARD [ IIOUSEYARD

GREEN - CHILY
PEPPER PIEPPER

WILD PEPPER

Figure b

Box diagram of the same sct of

relationships as that shown in Figure 4a.



~contrast® which 'Lmblies-that all taxa at the same level are in the /

.same contrast set. However, this is obviously not the ¢ase,*and it

-22-

is unlikely that anyone would have been led to this confusion were it not
for the currency of the unfortunate expressi-c‘ms"lev‘el of contrast' |
and 'contrast at the same(different) levels'. Knowing the level at

which two taxa occur gives us very little information about the kind of
contrast relations that obtain between them. »Tﬁe level of a taxon
merely says how many taxa occur between it and the unique beginner

in the chain of umediate precedence that connects them. In particular,

two distinct taxa which have the same level may or may not be in the

. same contrast set [Appendix (Remark following Theo'relh 17)]. (Level

one is unique in that all the taxa at this level do constitute a single
contrast set.) The expression 'levell'of contrast', as it has been used
in the anthrvopolo.gical literature, is at best ambiguous. In the context
of the present formulation it is literally meaningless.

| In the hope cf avoiding these and similar kinds of terminological
confusions with respect to the' contrast relations between taxa, we
introduce the following definitions of kinds of taxonomic contrast.

As we have discussed, two taxa, one of which strict(y includes the
other (such as tree and oak), do contrast semantically. We name this

kind of contrast relation inclusion contrast [Appendix (23)].

Afpecial contrast relation obtains between any two taxa which

. belong to the same contrast set. We call this relation direct contrast .

That is, two taxa are said to contrast directly just in'case they are

in the same tontrast set [Appendix (21)]. Direct contrast is perhaps

what users of the expression 'contrast at the same level! have most
" P

often had in mind.
Two taxa which are in ncither direct contrast nor inclusion contrast
are said to be in indirect contrast (or to contrast indirectly) vid the two

taxa which include them and which are themselves in direct contrast.

*Cf. Figure 2 and the various numbered Statements on page 12,

28
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For example mi Iigure 5, t, and t .| contrast indirecily vin = ~=d t
; . - 4 6 J B} 3

<

[Appendix (22)i. (Note¢ thar in detimng melusion conirast we speak of

. . . et . R ~-
inclusion, not sitrici indlusion. Thus, (,for cxample, in Figure 5, t4
and .ty contrast indirccily via t, and t3.)

We definc a sprcial contras: relation which nbtains among the

terminal taxa. Anay two terminal taxa are said to be in terminal con-

I
c

- . . . . ‘ /
trast. In Figure 5, t, and tg arc in terminal contrast as are also !
_ ke

e pairs (t and (Lt . ¢
th P (4: tﬁ) and ( 4 Ls
contrast regardless of whether they are in the same contrast set or at the

. Any two terminal taxa are in terminal
same level. In Figure 5, ""9 is at level one, while each of the other
terminal taxa t4. . t8 15 at level two; nevertheless tg' is in terminal
contrast with each taxon t, .. 1 .

4 8

The basis of the intuiiion 'terminal contra st' is the fac: that the
terminal taxa colleduively furnish the finest possible ‘partition of the
unique beginner [Appendix (20)]. That is, the terminal taxa collectively
provide the tinest available set of mutually exclusive and Jointly
exhaustive taxonomic categor ies for classifying an iﬁdivfdual. Thus
each terminal taxon has a special contrast relation with each other,
regardless of its level or (':ontr-asé set affiliation. To describe indivi-
duals in terms of terminal *axa ‘s to slice the téxonofnic pie as finely
as possible. .

The relation derined here as terminal contrast may be related to
certain usages of the vaguc expression'lowest level of contrast. ' It
is sometimes saul. for example, that certain analyses are only appro-
priately periormed on taxa that "occur at the lawest level of contrast. "
As we have scen, *the 'lowest level of contrast' is meamngless since
the expression 'level of contrast' is itself undefined. 'Spec.iiicaliy,.
all terminal taxa are not necessarily  at the same level. [t cannot
be emphasized too strongly that the levels at which two taxa occur bear
only indirect relevance to thic relation(s) of contrast obtaining hetwecn

them and in no way arec sufficient to determine those relations.

o7
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t4 t5 t6 t8
Figure 5
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/
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Berlin has recently made a series of remarkable discoveriers
concerning a subset of taxa which he terms gencric (1‘9b9 a, bs. Bérlim
I}reedlovu, and Laughlin 19049}, 7JGeneric taxa appear"“to occupy a
;r --ileged status in all notur il *axonomies. Substan'tively, in biotax-
0n0.."1c$ they correspond frequently, although not invariably, to Western
bioir7ical genera. (Although Berlin's researches have so far been
restricted to hiological taxonomies, I would hazard the speculation that
generi categorizatian may turn aut to be a fundamental human thought
process.) From a formal point of view, the génelric taxa constitute a
partition of the"uniquc beginxler. They ,may occur at any non-zero
level and may or may not be terminal. As.we have already noted, any
individual in the taxonomic domain--that is, any member of the unique
beginner--is a meémber of exactly one terminal taxon. Eacﬁ terminal |
taxon is .r turn linked to the unique beginner by a chain of taxa connecfed
by imme.liate precedence. Hence, any object that may be characterized
by membership in a terminal taxon may, alternatively, be conceptualized
bAy the user of the taxonomic structure in terms of any of the taxa in the
appropriate immediate precedence chain. For example, Lassie lb a
collje, and also a dog, a. mammal, a v.eftebrate, . ,»and‘"'l!tjltima_tely
an gnimal. Since the generic taxa. partition the domain of relevant
individuals , ea<‘:h chain of immediate precedence of this typé contains
exact‘ly one genéric taxon. One of Berlin's important substantive
hypothedes deriving from the concept of generic taxon is that one taxon
from each such-a chain is the most salient and the most frequently
employed by actual persons in actual classifying evenfs and that this
is the generic taxon. Roughly then, the generic taxa are the ones that
partition the domain of individuals in the way that corresponds to the
most obvious diséontinuitics in nature, furnishing a'subset of taxonomic
categories which are the most obvious, natural,and frequently employed.

For example, dog is a gencric category in folk English, and a particular

29
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dog, say Lassie, is probably more often thought of as a dog than as a collie.
Oor as a mammal, or as a vertebrate. (Certainly she is more cften referred
to by the lexeme dog.)

The above discussion gives only the barest suggestion of the substaniive
nature of Berlin's concept of generic taxon, and the reader is referred i the
cited works for full explanation of gencric taxa, their relation to taxonomic

5
nomenclature, and their role in the synchronic use and diachronic development
of taxonomies. My sole purpose here is to indicate the existence of empirical

motivation for the formal recognition of an additional type of contrast relation,

based on the psychological importance of the generic partition. Generic con-

tr_aﬂ is defined simply as that Special relation of contrast which holds between
any two generic taxa [Appendix (29, 30)].‘ Thus, just as tefminal contrast
1s based upon tne finest partition of the domam of md1v1duals available to the
user, generic contrast is based upon the most natural and psychologxcally
salient parttttop ‘

We have defined five special types of contrast relations. Three of these--
inclusion, direct, and indirect contrast--form a natural group in that any pair
~of taxa in a taxonomic structure are related to each other in exactly one of
these ways [Appendix (24)]. The remaining two types of contrast relation§—-
generic and terminal contrast--are also a natural set. Both are based on -
m_’embership in spcbéial sets of taxa that constitute partitions of the domain tn'
individuals, i.e., the term 'mayl' and generic partitions. Since the generic
taxa may or may not be tevminal contrast (and conversely), two taxa in gen-
eric contrast may or may not also be in terminal contrast (and conversely)
‘ [Appendlx (31)]. Two taxa that are in either generic or terminal contrast
(or both) are never in inclusion contrast and therefore they must contrast

either directly or indirectly [Appendix (24, 26, 31)].



Section 3

As mentioned in the introduction, the intuitive notion of taxonomy
involves a taxonomu. structure, a set of names (1exemes), and a mapping
that carries the former onto the latter. The image of a taxon under this
mappmg is its lexical. realization. However, we do not feel that just any

mappmg of taxa onto lexemes will model in a revealmg way the ¢lass of

"~ empirical objects we wish to call taxonumies. The problem is that just any

mapping does not provide cnough structure to capture o-r mtumon of what
empirical taxonomies are like. Figure 6 provides some hypothet1cal
examples of mappings of taxa onto sets of lexemes that most people will,

I am sure, not wish to.call taxonom1es.



Lexemes: L= gxl’ x2, ‘. .x%}
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~In Fi@re 6u there is a single name ( the lexenie xl) which is t‘i/le

imégerof cach taxon n the taxonomic structure; hence. noue ot the
structural relations among the taxa :ire preserved under the rpap‘pmg

A pardllel case would-occu.r in English if it '. ere to contain a single
word, say fern, to refer to éver'y taxon in the plant world. Fern would
thus ha've/\:?lz;.gious significations plant, tree., grass, oak, lichen, |
American Beauty rose , and so on,for each plant category in our culture.
It would be preferable if our formal definition of taxonomy 1‘p1ed out
such absurd cases. - |

‘ Figure 6b pictures a diftferent byt equally unsatisfactory situationi
Here ninety-nine lexemes are employed to denote e.ight conceptual cate--
gorics, and each of the narpes can refer to any of the Categorﬂies:. Each
of the nmety—ui.ne.lcxemes is thus eight ways polysemous und cw_;h has
the same denotation as the other.'_ Again the underlying taxonomic
structure is totally obscured. | ‘ ’ |
Absurdities such as these can be concoct'ed at will so lojng as'we

| introduce no constraints on thc mapping of taxa onto lexer’ne_s. Clearly
some constraints must be introduced if the formalism is to ive narrdw
enough accurately to reflect the amount and kind of structure we feei
intuitively to exist in real taxonomies. The problem here is to constrain
the formal definition of the lexical realization mabpiﬁg in just_' the right
way--that is.in the way théf results in a formal definitjon of 'tax.onomy'

- fits just those empirically observed structures that ' '
which/we wish intuitively to call taxonomies. In particular we would
liké our formal structure to be just general enough to adrﬁ it as examples
the natural taxonomies that have been de¥cribed in detail, suci as thoée

- réfcrrcd to in the introduction. : J @

The strongest and mathematically "simplest' constraint requires

'. " That is, each taxon is realized

that the mabping be ""onc-to-one onto'
by a unique and distinct lexeme. (The "onto'" provision simply means

that each lexeme realizes some taxon in the relevant-taxonornic structure.)

Al
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All possibilitios of synonymy (more than one lexeme per Lo and

muliiple meaning (mdre than one taxon'per lexeme) are excluded. [t

is very casy to find empirical counterexamples to the no-synonymy
eLn .

“ondition. For example, in one dialect of Southern Louisiana the forms:

bass, black bass, frout, and green trout may all be applied to the same

taxon and a similar relation holds within other such sets of lexemes as

{sac -a - lalt, white pcrch, Ccrappie gand{perch bream, sunhsh} We
‘canno‘r accept the no- synonymy constramt . |

- We may relax the no- - Synonymy condition by allowing the mappmg
to be one- many This model allows for ‘synonymy (more than one lexeme |
applying to a glven taxon) but still prohibits all mu1t1p1e meanmg That
is, it pr‘OhlbltS a gwen lexeme from bemg the realization more tnan one
ta\on HOWE“V T, one. of the principle achicvements of empirical work
on taxononues in the last decade has been the discovery that a given
lexeme may in fact reallze more than one taxon. As rrake pomts out
. (1961: 119), the E{nghsh le\eme man is used as a name for a var1ety -
of taxa Wthh might be glossed 'human', 'male human', adult male
human', and v1r11e adult male human" Characteristically this sort
of multiple meaning involves a proper subset of T whose members can
be arranged. jn a sequence oi immediate precedence. In other words,
multiple moa‘nng in natural taxonomies appears to be restricted to a
special subtype ot polysemy with the followmg property If a lexeme is
polysemous in a tzaxonomy, its various senses always correspond to taxa
WhICh can be qrr*angrc’d in a sequence of 1mmed1ate precedonco This is
the sense of definition (.52), including Axiom (33) of the Appendix.

- We therefore dcfine_taxon'omy as follows: A taxonomy consists of
' (i) a ta*(onemic structure, (ii) a finite set of lexemes, and (iii) a
mapping of th(_ former onto the lattvr which allows synonymy frcoly
and which allows polysemy only over sets of taxa that can be linked in

chains of immediate precedence [App’éndix (32, 33)]. (

-
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(1)Def.

(Z)AXiOm

\

(3)Axiom

(4)De:

(5)

APPENDIX I

1

A binary relational structure + = < T, D>, where T 1is a finite
non-null set of non-null sets and O ie the relation of etriat inaluaion

' . 1
restricted to the members of T , is a taxonomic structure iff the fol-

lowing two axioms are satisfied.

There 18 a unique t, e T, called the unique beginner, such that, for any

t. e T (ti,# tl), t. Ot .

i 1 i ,
For any ti ¢ T, thé set c(ti) - [tJ | tJ ¢e T, t1 poo tj, and there-is no
. € T such tuat ° :>tk and tk :>tj} {s either null or is a partition

>f ot
- » .
eT, t 2 :J and there

smed:ate Precedence = <t t. > t t
— {1’1'1’1

w8 no t eT such that t D¢t and t DtJ}.

k i k k

REMARK: Thus in axiom (3), c(t) = | ty | ey =ty ). S
IE <t oty

equivalently "ti - tj", "ti 1mmedinteiy preceeds tj", "ti is the
immediate precedessor of t,", ®t, immediately succeeds t ", and
P 3 3 ¢ L

, tJ > 4 Immediate Precedence we write t 4 tJ .

> is a member of Immediate Precedence, we write

{

80 on.‘ If <t
The fo}lowiné properties of Immediate Precedence. (5.i-1iv) follow

directly from Definition (5), the well-khown properties of pfoper
inclusion of sets, and the fact that T 1ia finite (Def, 1),

t ¢T

t
’ J’_ r

For any dist{nct t1

(1) f; ¢4 o

J////// | (i?) ¢ € - tj y then tj 4 t1 , S .

Read "if and only if."



A

(111} If ¢, - t, and t - t, then ti-,ttj,

1~ % k™
(iv) I1f ti :>tj :dnd ti +vtj then there is a tk ¢ f such that .
ti"tk and tthJ .
(6)Theorem For any £ tj e T, if £ :>tj and t, 4 tj then there is a . unique
;roigf such that ti.— tk and tk :)tj .
The existence of € 18 guaranteed by (5. iv). . Hence, by Axiom (3),
c(ti) is non-nuli. The uniqueneﬁs of t, now follows from Axdom (3).'
which enpurgs that (a) tk € cC (ti) and (b) c(ti) is a partition
of 't[ . The proof is complete. _ .

i
Note on notation: For convenience we abbreviate

't -t , by = tos EL =ty ees '

i S R N T One should bear in mind that 't — t =~ t
a b c d : : a b

does not mean t,~ t. 5 on the contrary, it implies t. 4 t. (see

as

[

5.111). (a, b) = (b, a); <a, b> ¥ < b, a >} '#' ' denotes the null set.

(7)Theorem . For any ti , tj eT, 1if ti :>tj and ti ~ tj there exiﬁts a
SN )

unique finite sequence of distinct elements of T

-t = ,,, =t

t .
k
gioof: ]
From Theorem  (6), there is a unique t, e T, t =t and t, :>tj .

By hypothesis t, FA tj ; hence, t v tj.' Either t - tj or

If t -t the desired sequence 18 established, namely

te * gy o K™ty

ci - tk - tj . If ck < tj

estavoiish .a unique L € T s8uch that t -t and t DO tj . If

, by applﬂng Theorem (7) again, we

'k m m

e, tj ; we have the desired sequénce, namely e, = tk ~ Fm - tj .

1f tn # t, , the next term of the sequence is uniquely established
by applying theorem (6) to 'tm and tj . This procedure is continued

until the term t; ¢ T (tﬁ - tj) is found and the sequence 1s completa,
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- A=

Since (1) no element tr of T can occur more than once in the

-sequence (tr - .0 = tr implies tr :’tr , which 18 al urd) and

(2) the sequence is finfte (becausa T 1is itself finite; Definition 1),
we are assured of finding the required t, € T, £ ) sty tj_'
This completes the proof. : .

¢ T s8uch

(8)Def. . A subset s1 of T 1is a contrast set 1iff there is a t

that c(ti)'f ¢ and 8, = c(ti) .

i

¥

(9)Theotém Every contrast set is a proper subset of T .
Proof: For any t1 e T, t1 é c(ti) (Axiom 3). This completes the
proof. :

(10)Theorem Every égnﬁrast set has a least two members.

Proof: Assume the contrary: there are t t, e T such that tj is

J
the unique member of c(ti) . Since c(ti) is a partition of e

(Axiom 3), tJ = t, . However, also by Axiom (3), L, = tj . Hence

ci ¥ tj (5.1). Thus a contradiction is established and the proof

is complete.

(11) Def. For any t, ¢ T , t

" is terminal iff c(tl) - §

i

(12)Theorem For any t, ¢ T (tjv# tl) there is a unique L, € T » t1'~ tj .

3

Proof: By Axiom (2) I:1 oo tj .

from the apécial-case of Theorem (8) which specifies'the unique

Thus, this theorem‘follows'directly

o,
gy,

8equence tl_ - ces tj 0

(13) Dpef. For any ty € T, .
1 ) - [~ ] M
(1) EJ has level zero [L(tj) 0] 1ff tj £

(11) t, has level okl [LCey, ol J1ff L(t,) = =n ~and

£y~ tj (:1

¢ T, n is a non-negative integer).
(l4)Remark The preceding définition is justified by the following fact.




For any t, ¢ T , there is a unique non-negative integer n 6uch that

J

)"no

o o
(t)
Prooft If ¢

- |

4 -t L(t‘) = (0 accordiug to (l'].(f). 1€ t;, # Fy oo the

uniqueness of n = L(tj) follows from Theorem (12» and Definition (13.11). -
\ N i

occur's in the sequence

(IS)Theorem For distinct ¢t t,eT ﬁ t Ot 1ff ¢t

125y 175 1
tl“aoo—‘t .
?roof: SuPpose.At Dt, . Then by Theorem (7) there is a unique sequence

1~ "y -

Lpo= e = tj . If b=t then clearly t, occurs in the sequence

1"'0..""tj - If'ti*tl a‘ld if t:i..

tl —- een altj , then the sequence tl R cj would not be unique,

” since‘qhere would be dietinct éequences Ep = eee mE el = tj and

t were not in the sequence

I .
- ' By = eee = tj . Hence Lf £, = tj y by must occur in the sequence

S tj , and the first half of the proof is complete. If t, 1is

1

in the sequence t; = ... - tj , and €, # tj ,> then either e, - CJ

or thérg<?g—a unique tk e T, ti o tk and ck - tj (Theorem 6). Since

t# - CJ implies t D t, , (Definition 4) and since '*>' 18 transitive,
4 .

, ‘ .
in either case- tk DSt, . The proof is now complete,

3

3T T o > "and
(16)Tneore§ _For distinct t, ’_Fj ¢ T , either £, tj» Qr tj t, or t# an tj
are disjoint,

Proof:

If either ti or tj 1s the unique beginner then it properly includes

the other {Axiom 2). Otherwise there are unique sequences

L. = ... = ¢, and t, = ... =t (a) t, Dt; iff t, occurs in

1 1 1 j. 1 j J
the sequence t, — ... - t_. (Theorem 15). Similarly (b) tJ =t 1££

, J .
t occurs in the sequence £, - (o, =g, . It only remains to be
) o A |
shown that {f neither condition (a) nor gondition (b) holds, then ¢,

7 -

and ¢ gre disjoint, Consider t -, t ¢ f\‘ t 2¢t t 2 f and
J . P’ q YT 1 q T 3 7




t, -t t, =t . If t # t then t .and t are disjoint
1 "p’7 "1 g P q’ P q ) ’

since t_, t e c(t.) (Axiom 3)., If ¢t and t are disjoint, then
P q 1 P q

| and tJ are disjointi LE tp u tq ’
t =t =t t = s t 2 = .
> q r’ 5 tq ts , r ri R tB tj

then tr and t5 are disgjoint becauve/ tr y t8 P c(tp) o c(tq), and

then consider ' ter b, e T

Again 1if t, # LI

consequ . tly ti and tj are disjoint. This procedure is continucd
until thy Eo€ T(tm 2t t, =2 tJ s fm At = $) are discovered.
Such t, s £, must eventually be discovered if, as we have assumed,

t does not occur in t1 - cus = t and tj does not occur in

1 I
tl = oeee =t Since th~t ™ $ and e 2 L and L, 2 tj » then
ti PN tJ = ¢ ., The proof is thus complete,

(17)Theorem For any distinct by, tyeT, 1f there is a t, ¢ T such that

T tj 3 c(tk), then L(ti) = L (tj).
Proof:
By Theorem (14), L(tk) is unique; let L(tk) = m . Then by (13.1i1)

L(t,) = L(t,) m m+ 1 .

J
TMARK: .
The converse of Theorem (17) doea not hold in general. That is, the

folldwing statement is not true: For any t1 ; tJ e T, if
L (ti) = L (tj)’ then £, and tj are in the asame contrast set,

We demonstrate this by counterexample. Consider T = [tl y 8y g,

t, » ts s to s by } where By =ty =t s b =t~ , £ L, =ty
£, = t3 ~ t7 . Clearly, the axioms, (2) and (3), are satisfied.
L (A> - L <t5) = 2 . However, there is no t, €T such that L, = £,
and b, = tg - That is, although t& and t, are at tne same level,
they are not in the seme contrast set,
//
(18) Def, A taxonomic structure T = < T , D> has depth n 1ff there is a

t, ¢ T such that L (t,) = n and there is no tj ¢ T such that
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L (tj) >n,

(19)Theorem 1If a taxonomic structure 7= <T , D> is of depth n , then for each

\

integer m (0 € m £ n) there is at least one t, ¢ T such that

L(t,) =m.

Proofk: '

By definition (18) there 1is some tJ ¢ T such that q (tj) = n .
Consider the sequence EL = e tj . By applying the recursive defini-
tion of level (13) to succeeding terms in this sequence we establish

that the sequence has n + 1 terms and the ith texm has level 1 - 1 .

The proof is complete.

(20)Theorem The subset Sa - { € | t;*¢ T and t,1is terminal} of T is a partition

i i
of tl .
Proof:
1f t , ty e T are both terminal, then by definition (11) neither
t :’tJ nor t:j :Jti . Hence, by Theorem (16), any distinct t:i ’ tj ¢ T

which are terminal are disjoint. It remains to be shown that the union

cf all ci € Sn exhausts tl . For an arbitrary individual x , Lf

x et then there must be a tL e T such that L (ti)'- 1 and

x ¢ t, (Axiom 3). ,Now, either ¢ {t, ) 1is null or it is & partition

i

of ti . (Axiom 3), Hence either ti is terminal and x ¢ ti or there

18 exactly one tj ¢ T such that tj ¢ C (ti) and x ¢ tj . Again tJ

may either be terminal, in which case there is a terminal member of..T

i

thnt‘containa the arbitrary individual x , or x 1is a member of
exactly one member tk of ¢ (tj) + Continuing in this way, we
eventually find aterminal € such that x ¢ € (since T 1is finite).
We have thus established that for an arbitrary individual x ¢ €,
there is a terminal t such that x ¢ cn . That is, the ke Sa

exhaust . The proof is thus complete,
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t, e T, t, #t

(21)Def. Uirect ;ontrags =,{ (ci , cj) | e s ] L K ey and 1J
are in the same contrast set] .

(22)pef. Indirect Contrast = | (e, tJ) | t tj ¢ T and there are
t -~ " rs - N RN
m? Cn ¢ T such that cm = ci and N 2 < and (Lm s tq) €

Direct Contrast and either e = e, or t. 2 cj }.

If (ti » t, ) ¢ Direct Contrast, we say equivalently

3

t; and tj contrast directiy", "ci and tJ are {in direct conirast',
"t  and tj are in the same contrast set.' 1If (ti , t.) ¢ Indirect

)

Contrast, we say "ci and tj contrast indirectly via :n‘ and €.
1]

respectively’, ”cj and t, contrast indirectly via tm and e
respectively"”, ”l;i and tj contrast indirectly."
(23)Def. Inclusion Contrast = { (ci , t) 1t , t, eT and either & :’cJ or

” J 1 J
£ 2t ] .

\
If (ti , cj) ¢ Inclusion Contrast, we say equivalently 't, and tj
are ia the relation of inclusion contras, " "ci and t, comgrasc
; 3 -

inciusively."

'24) Theorem For any distinct &, , t, € T , one and only one of the followin;\

1 J
(1) ci and cj contrast inclusively, \\
'
(il) t, and cj contrast directly, ) .
- (itt) ¢ and cj contrast indivectly.
Proof:

We show first that conditions (1), (i1), (ii1) are pairwise contra-
dictory, that is, that the sets Direct Contrast, Indirect Contrast,

and Inclusion Contrast are mutually.exclusive. .Conditions (i11) and (ii1)
ire contradictory because of the provision in Definition (22) that
"efther e :Jci or t_ :>tj ." Conditions (1) and (ii) are contra-

dictory because, if t and t, are in the same contrast set, then

1 J
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A

neither t:i =2 tj nor t:2 L and convérsely. {Axlom 3, Definition 9).
. J

- Conditions (i) and (iii) are contradictory because Lf €, and T,
; . v

contrant directly gﬁen tm ~t =%, Then since tm 2 &, and t"':'tJ )

n i
€ A cj = & . <¢Consequently neither t:i :th nor t:J :Jt:i . LI
e :th or Fjl:Jti , then ti and t:J are obviously not in the same

contrast set. It remains only to be shown that either (i), (ii), or

(ii1) holds for every pair of distinct t t, e T . Consider the

) 17 7y
sequences tl - .= tr - t:i and t:1 - e ts - t:J . If t:i occurs
in the latter or tj in the former, then (1) holds for € cj .
Iff tr =t (i1) holds for ti R tj . If neither (i).nor (11) hold,

we read down the two sequences in the way we did in the proof of

Theorem (16), eventually diccovering tm and tn such that tm 2 t:i ’
2

t cj,

the three conditions (i), (ii), (iii) must hold for any e tJ e T .

and t_, tn are in direct contrast. Thus, at least one of

The -~ ~of is complete.
' Terminal t t = '
'25)Def. nal Contrast = {(ti , tj y | ¢ jr Yy and tj

are eachterminal} . If (ti y tJ) ¢ Terminal Contrast we say equivalently

i’tjeT’ tiy‘t

“t, andt, are in terminal contrast”, "t, and t, contrast terminaily".

L J J
26)Theorem For any C o t:J e T, 1f t:i and are in terminal contrast then
t and tj are not in inclusion contrast.
Proof:
By Definitions (1l1) and (25), there is no tk ¢ T s8uch that T, :th s
and simllarly there is8 no tk ¢ T such that t:J :th . Hence neither

t 2t nor t 2Ot . The proof is complete.

i i
REMARK:J ' ] .
For any t:i ’ t:J e T, 1f ti and t:J are in terminal contrast thnen
(1) £, and t:J may Or may not contrast directly,
(i1) t, and t:J may or may not contrast indirectly,
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(28)Theorem

(29) Dper.

(30) Der.

(31) Theorem

We demonstrate this remark by examples. Assume

Ta ( s

Axioms (2, 3) are satisfied,

Ly s Ty, £, T ] where t - by= 3, Ty =ty =t , t,

(1) € and t, contrastterminally and also directly; t4 "and ts

contrast terminally but do not contrast direccly.
(ii) t, and . contrast terminally and also indirectly; ty and A
contrast terminally but do not contrast indirectly. The demonstrailion is

complete.

;For any tj e T (t, # tl) there is exactly dne contrast sec c(ti)

J

(t ¢ T) such that tj e c(t ) .

Proof
This theorem fbliows directly from Axiom (3) and Theorem (12).

REMARK:

In an arbitrary fa&enomic structure T= < T, O>, it is not true in
AN ‘ ‘

general that, for any terminal t, end tj (t, tj eT), L (ti)“ L(tj) .

The previous remark is established by example, as follows:
Consider T = { Eyr ty sty £, Eg } where By =ty =ty

tl - t2 - ta , t1 - t5 . Axioms (2) and (3) are satisfied.

. t4 and ts are terminal, but L(th) = 2. while L(ts) - 1,

There is a unique, non-null subset G of T which partitions tl and
whose members g; # tl are called generic. Remark: In each empirical
case, the generic taxa must be isolated by empirical operations, subject

¢nly to the above conditions.

€ T, ti# t.,, t. and t, are

Generic Contrast = {(ti, tJ) I ti.t by -ty

-

each generic]

For distinct t, tJ €T, irf (t., tJ) € generic contrast, then t, and

do not contrast inclusively.

oof: the theorem follows directly from Def:nltions (23) and (20).
Remark: For any ti, t €T, if ti and tJ are generic contrast, then
(i) ti and tJ may or may not contrast directly
(ii) ti a.nd‘tJ may or may not contrast indirectly
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(32) Def.

(33) Axiom

l\-lo

{(1i1) t, and ¢, may or may not ccntrast terminally.
: J

The demonstration of the RUWAR( that follows Theorem (20) serves

alse as n demonstration (a) fo- parts (i) and (ii) if we sgsume thnt

’
L]

the terminal taxa in thgt exam)le (t3, Ty andutb)>ure also tne
generic taxa and (b). for part (iii) if we assume alternatively that
t2 and ts are.the generic taxa.

A taxcnomy is a trinary relational structure g = <r:(~nn1>where.

(i)7 =<h:$is a taxonomic structure |

(ii) L = fxl, xz,...,xr] is a finite set of léxemes and

! , ‘ ' :
(iii) m is a'mapping of T onto L which satisfies the follecwing axiom.

If distinct ;i, tJ € T each have the image X, under m then
(i) either t; > tJ or tJ ot, and

. ‘ n 2 . 2 2 2 t, alsc
(ii) for each tk.e T, if ¢, " tJ or tJ t, ¥ t., then t_ also

. has the image x, under m.

i



~n

ADDENDUM -

‘ After the present essay was completed, I came upon Gr'egg':s

latest formulation of the problem. 'Gregg (1967) defines finite n-rank
Linnaean struc-tureé.* These mathematical obje.cts-ar'e similar .in many
ways to taxonomic .structur'es as d'eﬁned above although they dificr m some -
important respects. The following comparative discussion\is both brief
and informal. . )

Gregg's n-rank Linndean structures are roughly comparable to
taxonomic structures of depth n. Both involve a finite set of taxa arranged
in a hicrarchy of immediate precedence with a unique beginner. {In terms
of grdpn theory, eithi‘/r may be represented by a digraph in the form of a

rooied trce. ‘Taxonon
1 3

wud

1ic structures add the restriction, absent from Gregg's

l.innaean structLHes, that no vertex has a positive degrce of one. The

latter condition reflects the fact that taxonomié structures do not allow mono-
typic taxa; i.e., if a taxon has subtaxa, it has at least two of them. )

Gregg's structurcs may be open or not open. There is nothing the thecory

of taxonomic siructure corresponding to Gregg's open Linnaean structures.
Gregg's theory is thus the more general one. An open Linnaean structure
is one in which the unique beginner contains at lecast one member that is
(:6:1tuined in no terminal taxon. Thus in an open structurc there is at least
one taxon that str iétly includes the union of the members of the contrast set
it dominates. In b:ymbols, there is in each open Linnacan structurc at

least one ‘taxon ti such that

/-

(1) t1 - t..
t.ec(ti)

J

This condition violates Axiom 91, which, it will be recalled, requires that

c(t.) be a partition of 1. for alf ti in T. It is not surprising that taxonomic
1 1

structures arce closed systems in Gregg's sensc considering that taxonomic

“1 am indebtec 1o 4voni Berlin for bringing tris work e my sttent on.
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structures prohibit m onot) pic taxa and that the ma;or motivation
or Gregg s introduction of the notlon of openness is to deal w1tn the 'prob—

-zm of monotypy' (Gregg 1967: 204, italics in original). 1 will return briefly

to Gregg's problem of monotypy below.
The remaining major differences between Linnaean structures as
defified and classified by Gregg and taxonomic structures invélve the notion

of gbsolute taxonomic category. The notion of an absolute scale of generality

of faxa--constituted by a scries of categories such as species, genus, family,

ergler, class, etc. and which assigns each taxon to one such category—-plays
a fcrucial role in Gregg's formulation but is not present as such in the present
d/vvclopment. f'or Gregg cach category is a set of disjoint taxa. An n-rank

Lmnacan structure contailns n catégories; ithe uni u'o beginer is the sole
g

member of category n, and each category C (1%i% n) contains at least one
taxon. Kach taxon bolongs to exactly one category, but the category of a
taxon is not necessarily exactly one less than that of its immediate prede-
cc:'sor; nor are all terminal taxa necessarily in category one. If a Linnaean

Structure contains one or more taxa whose category is not exactly one less

t‘x_:dn that of its immediate predecessor, Gregg calls such a structure

irregular. (f a Linnacan structure contains one or more terminal taxa that

are not in category one, Gregg terms it a truncated Structure. FIFigure la
depicts a truncated but regular, closed, 3-rank Linnaean Structure (Gregg
prefers "not irregular', and also "not truncated', 'not open', 1967:195 ff).

Figure Ib depicis & noun-truncated, irrcgular, closed, 3 ruak l.innacan

structure. A glance at the figures will reveal that these struclures arc

wentical from the point of view of taxonomic structure. A Linnacan struc-
ture must be either truneated or irrcgular (or both) if its terminal taxa are

not all at the same level (as level is defined in taxonomic structure),
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Category " ' _ : Category

3 o £ . 3

Figure la ; - Figure 1b

Abstract 3-rank, closed, truncated, - Abstract 3-rank, closed, non-
. regular Linnaean Structure truncated, irregular Linnaean
Structure

IFor completeness, Figures 2a and 2b show 3-rank Linnacan Struc-
tures that are (a) truncated and irregular and (b) non-truncated and regular,

respectively.

Cazc-gjr‘y Category

/N , /\

2
2 t5 /tZ\ / /
]__ ts t3 t4 1
Trigure 2a IF'igure. 2b
Abstract 3-rank closed, truncated, Abstract 3-rank, closed, non-

irregular Linnaean Structure truncated, regular Linnaecan

Scructure

IMigure 2b (non-truncated, regular) corresponds of course to a taxonomic
structure all of whose terminal taxa are at'the same level. Recalling thLat

t .
it is possible but by no means necessary that all the terminal taxa in a

49
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taxonomis structure havc the same lew el, \we arrive the followmg general
-ompa}hlson of n-rank Lmnacan structures d taxonomic structures.
1. Both a Linnaean structure and a axonomlc structure consist -
f a finite set of taxa, hierarchically ordered by the relation of immediate
precedence.. (For a useful formal definition of hierarchy, see Gregg -
1967:194 ¢).
2,' Open Linnaean structures violate Axiom 11’ of the theory of

taxonomic structurc. Taxonomic structures are thus, in Gregg's sense,

- closed. '

3.« Gregg's notions of truncation and regularity, being based on
a series of absolute, ranked categories, are not directly applicable to
taxonomic siructures. Any closed, n-rank Linnaean structure thus deter -
mines a umquc taxonomic sfructure (of depth n)

4. The converse of the last remark does not ho‘ld;v that is, a
given taxonomic structure does not determine a uni'que Linnaean structure.
For example, 'I~‘igurc:s la and 1b diagram two distinct Linnaean structures
but a single taxonomic structure.

Gregg's explicit motivation for the introduction of the notion of
apeness s to deal with what he calls the problem of monotypy (1967:201 if
especially 204).  Gregg offers as an example of monotypy, the fact that in
Simpson's classification of mammals (1945) the subclass protheria contains
but a single ocder, montremata. Gregg proves that any structure containing
monoiypic taxa 1s open. (The converse does not hold. 1t is not the case
that any open stiructure hcccssarily contains monotypic taxa. »However,
thiere would seem to be only the flimsiest of empirical mot1vat10n, if any,
in support of the formal notion of an open Linnaean structurc without mono -
typy.) In the case of the protherians and the monotremes, Gregg's formu-
lation comm'lts the biologist to the empirical claim that there are some
protherians’ th tt are not monotremes.  Similarly Gregg's formulation

torces us to ;.mmtam that there are some members of the family Ornithor -
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.

hychidac that .arc not members of Lhé genus Ovrnithiorhychus (1967:2027).
Gregg does not foriu us whether or not the organisms in «';unst‘i(\n are
platypuses.  "Thus althongh Gregg ;)(:curn'g.:ly chiaracterices previous secious
attempts to resolve the peoblom of monotypy--such s those-o! Deekner -
(19549), Sklar (1961, and van Vaten (19640 = =0 examiplys ol "techcical

artifice” (CGoogg 1967 200) . it appears that his own atterapt s havsHy ammonane

o

from that charge, Tideed, artor presenting the ;‘;lu't‘ypus-u.\‘rnnn;.lu Civepsyr
says (1067:203), "At this point, it i» onky faie o mention that the version
of monotypy derniai b by one wodel may net he ;_-;('lln'l'."lll}' aecopteble to
taxonominsts; b, i'ur’!l:l-- totaent we shall postpone discussion of the e
ible dificuities Ui oo voioed ' 1 do not know iy (‘:rr;_:;; s soaie cguent

attempted to dinco o e ee e soc oo e o connber -

fatuitive notion o ¢ aotvies Y orrori ithe y wouhd APPCaOr L i e
What Groese oo s he [n'i)h!vm af nonoivps Lot b i
thoory of fvonum e et oiid tavonom e nonrenciatinee o oaoneoblog
of polysemy.  The poc-cat v o coveqects the notion of ab- olule o i g, o
(except for the ot cr parbtion) and recopntaes te faet that tanker o o

condrtion=, trvonwmnai -y he they Professors or biology or PUE SC s O

bisoa., arc hable tooasd o smele name tor di=tinet L that coan be DU
ina chaton 0 rrnedind pecondence, Whether or oot e proesent formala -

Livn turns out to be vgoonal ta the ologicnl Systenatist (for wiom b wos o
Ol'i;_.‘;il.]illly intended) ds o tter vore the bhiological oot o Judpe. No

- N (K] . 0

cluim is ke oD tecrent o0 T e A P,

ciase it docs Seem foirly clear thot Gregpr's (1967 Toraualstion coangot

sSustait any svelc eloin,

(O]
ot
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